Direct measurements of the optical absorption cross section (σ) and exciton lifetime are performed on a single silicon quantum dot fabricated by electron beam lithography (EBL), reactive ion etching (RIE) and oxidation. For this aim, single photon counting using, an avalanche photodiode detector (APD) is applied to record photoluminescence (PL) intensity traces under pulsed excitation. The PL decay is found to be of a mono-exponential character with a lifetime of 6.5 µs. By recording the photoluminescence rise time at different photon fluxes the absorption cross could be extracted yielding a value of 1.46×10 -14 cm 2 under 405 nm excitation wavelength. The PL quantum efficiency is found to be about 9% for the specified single silicon quantum dot.
INTRODUCTION
Quantum efficiency estimation of individual silicon quantum dots is of considerable importance, since it is one of the essential parameters influencing their applicability in optoelectronic and photonic devices. In order to determine the efficiency of an optical process in a nanocrystal, the physics of the photon absorption process as well as the emission mechanism must be well understood.
For years bulk silicon was considered as an inefficient light emitter due to its indirect band gap nature. After the discovery of strong photoluminescence (PL) emission of porous silicon at room temperature 1, 2 , silicon nanocrystals became the center of interest for many researchers 3, 4 . The quantum confinement model is believed to be relevant for silicon nanocrystals 5, 6 , coupling the observed increase of the band gap energy with the decrease of nanocrystal size. The development of the single-dot spectroscopy technique 7 led to a deeper insight of the photophysics of nanocrystals, however, many aspects of the light emission mechanisms are still not well understood. In particular, studies of photoluminescence absorption and decay have been mainly focusing on ensembles of silicon nanocrystals so far 8, 9, 10 , in which the effects of size and Si-SiO 2 interface nature of individual dots are averaged.
In the current work the results of PL lifetime and absorption cross section measurements of a single silicon quantum dot are presented. The samples were fabricated by electron beam lithography (EBL) and reactive ion etching (RIE), followed by self-limiting oxidation 11 . The well-defined positions of individual silicon quantum dots formed by this method enable repeatable single-dot spectroscopy. The measurements were carried out under different excitation laser power densities, using an avalanche photodiode detector (APD) for recording luminescence traces. Blinking and spectroscopy experiments were also performed on the same dot as complementary measurements. An estimate of the quantum efficiency of this nanocrystal, taking into account the detectivity of the PL setup, is presented.
EXPERIMENTAL
The experimental PL setup consists of a conventional wide field optical microscope system connected to a spectrograph (Andor, Shamrock 500i) and an EMCCD camera (Andor, iXon3) at one port and to an avalanche photodiode (Becker & Hickl, DPC-230) at another port. A flipping mirror inside the microscope enables switching between these two ports. 
